Precision Wafer Curvature Technique

Measure the global (averaged) deformation (curvature)
In-situ measurement during thermal cycling.
Direct evidence of nonlinear thermomechanical behavior
Data may be used to study temperature-dependent deformation mechanisms in Cu TSVs 
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Curvature-Temperature Behavior
• The curvature difference between the two specimens is attributed to the stress in Cu TSVs.
• Linear thermo-elastic behavior (no hysteresis) except for the first cycle heating. • Zero curvature difference at around 100 o C, which is taken as the reference temperature.
S.-K. Ryu, et al., Appl. Phys. Lett. 2012 .
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High-Temperature Behavior 
Micro-Raman Spectroscopy
Work in collaboration with Michael Hecker of GFDresden. 
Via Via
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Raman Measurement for TSV (II)
• The specimen was annealed at 300 o C for 1 hour, and then cooled down to RT • ∆T = -270 o C in the elastic FEA model • Higher stress in Si correlates with higher curvature and higher stress in Cu too.
1hr Via
Energy release rate (G): thermodynamic driving force for crack growth, i.e., the elastic strain energy released per unit area of the crack; calculated by FEA or other methods.
Fracture toughness (Γ Γ Γ Γ): material resistance against cracking, an intrinsic property of the material or interface; measured by experiments.
Numerical methods are well established, e.g. FEA and cohesive zone modeling.
Experimental techniques, test structures and metrology for measuring Γ Γ Γ Γ have to be developed. . . .
Basic Fracture Mechanics
G > or < Γ Griffith Criterion
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Via extrusion by interfacial delamination
A cohesive zone model is used to simulate crack nucleation and propagation along the interfaces. The effect of thermal mismatch dominates the effect of elastic mismatch. The advantage of W over Cu may be partly compromised by higher thermal load and lack of plasticity (lower adhesion).
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